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Introduction
Wehavecompletedtwo andahalf yearsof work towardsthe developmentof a modelof

atmosphericoxygenvariationson seasonalto decadaltimescales.The findingsof the first two
yearsof work havebeensummarizedin annualprogressreports;herewe summarizethe work
completedduring thesix monthsof theno-costextensionperiod.During this time, wecompleted
theproductionof anoxygenclimatologyof theworld oceanandanalyzed,in apreliminarysense,
theresults.

Cleaning the data set
A schemewasdevelopedto removecruisesof low quality from the dataset by making

comparisonswith cruisesof knownhigh quality.This filteringprocedureimprovedthequality of
the datasetconsiderably.Our objectivemappingscheme,describedin the last progressreport,
wasthenappliedto thesefiltereddata.

Analysis
Examination of the oxygenclimatology revealedstatistically significantannual cycles

throughouttheupper500mof theocean.An annualharmonicwasfitted to thedataaveragedover
12° latitude bandsin eachmajor oceanbasin.Verticaltrendsin the phaseand amplitudeof the
annualcycle werenoted (Figure 1). The cycle in surfacewatersis characterizedby a summer
maximumandawinter minimum,a cycleconsistentwith highratesof photosynthesisandwarm-
ing during thesummerandcoolingandentrainmentof oxygen-depletedwaterduring the winter.
Thephaseof the annualcycleshiftsabruptlyat a depthbetweenabout30and130m.Justbelow
this depth,the annualcycle is characterizedby an early-springmaximumand a late-fall mini-
mum, consistentwith acycledrivenby respirationandreplenishmentof oxygenfrom theatmo-
sphereby ventilation.We interpretedthe depthof the abruptphaseshift asthe compensation
depthduringsummer.In middlelatitudesabovethesummertimecompensationdepth,theampli-
tude increasesandthe maximumoccurslater in theyearwith increasingdepth.This trendwas
interpretedas the shallow oxygenmaximum.Below the summertimecompensationdepth, the
amplitudeof theannualcyclegenerallydecreaseswith depth,indicativeof decreasingrespiration
andventilationrates,or lessseasonalityin bothprocesses.

Horizontaltrendsin thephaseandamplitudeof theannualcyclewerealsonoted.It was
found thatthesummertimecompensationdepthdecreasestowardsthepolesin bothhemispheres
andis generallygreaterin thesouthernhemisphere,patternsfoundto beconsistentwith estimates
of thecompensationdepthbasedonthepenetrationof light in thewatercolumn(Figure2). Also,
the seasonalmaximumin surfacewatersoccurslater in theyear towardshigher latitudes,while
the seasonalmaximumbelow thesummertimecompensationdepthoccursearlierat higher lati-
tudes.Thesetwo trendscreatean increasingphaseshift with latitudebetweenwatersaboveand
below thesummertimecompensationdepth.Longitudinaltrendswerenotedin theNorth Atlantic
andNorth Pacific:at all depths,theamplitudeof the annualcycle increasestowardsthe western
partsof the basins,asmight beexpectedconsideringthatphysicalforcing hasgreaterseasonal
variability in thewest.

Preliminary simulationsof the annualoxygencycle in the atmosphereof the southern
hemisphereproducedamplitudeslower thanobserved,suggestinga possibleunderestimationof
theamplitudein the southernoceandueto thesparsityof datain thisregion.Analyses of the sur-

face temperature with the same data density showed that the amplitude of the temperature cycle is

only slightly underestimated, compared with a higher density data set (Figure 3). This suggests to



usthat thelow densityof oxygenobservationsin thesouthernhemisphereis nota severeproblem
for atmosphericoxygensimulations,andpointsIo the importanceof anadditionalunknownpro-
cessaffectingthe amplitudeof theannualoxygencycle in theatmosphereof thesouthernhemi-
sphere.

Remainingwork
Wehavesubmittedaproposalto finishthework remainingin this project.Thisessentially

entails runningatmosphericoxygensimulationsandcomparingtheseto observations.In short,
thefollowing tasksmustbedone:

• Runtheatmospherictransportmodelto determinethedistributionof N2.
• Runthe atmospherictransportmodelto makea newestimateof the air-seagastransfer

velocity.
• Determinewherethereis a net flux of oxygenbetweentheterrestrialbiosphereandthe

atmosphere.

Figure Captions

Fig. 1. Amplitude (open circles) and phase (filled circles) of the annual cycle of the average oxy-

gen anomaly in 12 ° latitude bands of the middle and high latitudes (poleward of 18 °) of the North

Atlantic ocean as a function of depth. Error bars on the amplitude are +1 standard deviation of the

fit. The phase is only plotted if the amplitude is significantly different from zero. Surface values

were not corrected for pressure variations.

Fig. 2. Zonal mean summertime compensation depth computed using two different methods and

plotted as a function of latitude. The symbols represent the compensation depth computed from

the phase change with depth of the annual cycle of the oxygen anomaly. The lines represent the

compensation depth computed from the light field and a compensation light intensity of 1 W m "2.

Fig. 3. Amplitude of the annual harmonic of surface temperature as a function of latitude for two

different data sets. Filled circles represent data from the sea surface temperature atlas of Shea et

al. (1992) and the open circles represent data that have exactly the same temporal and spatial res-

olution as the oxygen anomaly in this study.
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